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ion　science), ion　rocket, ion　implantation, sputtering (sputter
deposition), ion　plating, crystal　growth (ion　beam epitaxy),
synthesis　of　compound materials (plasma　polymerization, acti-
vated　reactive　evaporation, reactive　sputtering, reactive　ion
plating, etc.), ion milling (ion etching, ion beam milling),
surface　analysis (ion microanalyzeｒ，　secondary　ion mass　spec-
trometry.　　etc.), medical　application (radiotherapy, biophia
by　ion　irradiation) are　included.　　　　工ｎ　the　ion-based　tech-
nique, the　purpose　of　ionizing　evaporant materials is to give
some　kinetic　energy　and/or　chemical　activity　to　the materials.
工ｎ　the　above　mentioned　applications, the　comparably　lower
kinetic　energy　from ａ　ｆｅｗ･eVto not more　than　５００　keVis used.
although　the　ion　current　iis　higher　in　comparison with　that









is reported in the proceedings　of　international　conferences. ｅ．ｇ・
一一１　－
(1) International　Conference　on　Ion　Plating　and Allied　Tech-
niques　－　エPAT'77, Edinburgh, Enqland (1977), (2)工PAT'79,
London, England (1979) and (3) International　Conference　on
Metallurgical　Coatings ， San　Diego, U.S.A. (1979) .　　　　Further,
in　Japan,　the　Symposium on　工on　Sources　and Application　Technolo-







the　film properties　such as mechanical, optical, electrical　and
crystallographic　properties　can be　easily　controlled by　adjust-







oped by　Professor　T. Takagi, Department　of　Electronics　in　Kyoto
University.　　　　The　first　data　concerning　the　technique were
published　by　T. Takagi　et　al. at　the　Second　工nternational


































Dr. Yoshikazu Takeda　and Dr. Fumimichi　Sano　for　their　useful
discussions.　　　　Appreciation　is　also　due　to Associate
Professor　Hiroyuki　Matsunami, Dr. Junji　Saraie, Dr. Akira























































































IV　　CHARACTERISTICS OF FILMS PREPARED BY THE ICB
　　　　　TECHNIQUE AND THEIR APPLICATIONS TO ELECTRON
　　　　　DEVICES


















































































































































































































































　　　　　　the　cell　area of　２　cm　, the　illumination of
　　　　　　air mass　zero (100　ｍＷ･ｃｍ‾２）
４ ．１９　Reflective　diffraction　patterns

























































































Dependence　of　RHEED　patterns　of　ZnO films on the　１３２
substrate　temperature: (a) 160　°Ｃ　and (b)
２３０　°Ｃ
4｡４３　　RHEED gatterns　of　ZnO　films　deposited　on (a)
































4.50　　RHEED pattern of　BeO　thin　film grown　on　ａ
　　　　　　(0001)sapphire　substrate
4.51 工nfrared　reflectivity　of　the　BeO














































































































































electron devices　of　the　films.　　　　Chapter ｖ provides　the　con-
eluding　remarks　of　this　thesis.
- ３－














ａ new　type　of　film deposition　or　synthesis　of　the　compound mate-
rial　which would not　be　expected by　conventional　thermal　and
chemical　methods　may be　obtained.　　　　Figure　２』L shows　the　typ-
ical　preparation methods　for　film　formation　from ａ view point　of
the　kinetic　energy　of　the　source　materials。
　　　　　The　kinetic　energy　of　ions　produces　the　fundamental　effects
on　the　film　formation, that　is, sputtering, implantation, nucle-











１０ １ １０ ２
ENERGY ( cV )










mation　and　strengthening of　the　interfacial　bonding), (5) to
ｂ‘ombard　and　sputter　the　depositing　film　surface　during　film　for-
mation (change　in　the　growth morphology), (6) to　introduce　an
ion implantation　effect (enhancement　of　interfacial　layer　for-







eration　voltages　and　the　number of　ions, or moderating　the
annealing　temperature　of　substrate　during　deposition。
　　　　　For　the　case　of　the　process　of　film　formation by the Ionized

















































keV Ar　ions　with　an　ion　current　of　８ u A) on　the　crystallographic




























eV －　３　keV, 0　－　１０μＡ／ｃｍ２）　on　the　process　ofmetallic (Zn, Sb)
film　formation　on　semiconductor （Ｃｕ２０）ａｎｄ　ionic　crystal (NaCl,






































films. 工ｎ the experiments ， the Ar ion　beam was　adjusted　to






flakes, but when　the　surface　was　bombarded with Ar　ions　during







proposed　by Chr. Weissmantel　and　his　group 3),4)
－11 －
As　shown
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　　　　　　　( Nad . KCI )
゜Ctianqeof critical pressures cf
　the condensation process
°Change of the capture cross section of an atom




10keV,8uA A9 ，Au / glass substrate Crystallographicorientation
　lOkeV(2-3uA/m2)
Cd ，Co / glass substrate (H7o) orientation
1 － 10 keV A9 / amorphoussubstrate
゜enhancement of the depositing surface
　mobility
°Acceleration of the nucleation,growth and
　coalescence of the nuclei









Ge / glass substrate
Improvement of adhesion
( stronger bonding, decrease In the film
　stress )
0.5 - 1 keV
(涼か Carbon　/ glass substrate Formation of diamond-like carbon film
creation of activated centers ( chaぺμ‾l
defects,structural defects,materja) defects)
-



































ＶＯ　is　the　potential barrier height of　the　substrate
surface″ａｎｄ（ｘｏ　is　the　factor　depending　on Ｍ２／Ｍ１° In　ａ　case
of　Ｇｅ＋／Ｇｅ　system.　which　represents　the　deposition　of　Ge　ions








The　direct　collection　of　Co, Ni, Cu, Zn　and　Sn　ions　onto　ａ
graphite　substrate　was　investigated by　A.Fontell　et al. in
1969
25）
For these　ions, the　highest　energies　at which　the
building-up　of　ａ　layer was　observed　are　shown　in　Table　2.2.




at　the　energy of　about　１０　eV the　sticking probabilities　decrease
to　very　１０ｗ values.　　　　The　collection　efficiencies　measured
around　this　１０ｗ energy depend　only on　the　sticking　probability.
because　sputtering　losses　in　the　building-up process　of　film can
be　neglected.　　　　Following　these　considerations, the　optimum
























































































and　of　the　dual　ion beam deposition, which were　mentioned　in　the
previous　section, arouse　interest　in　this　connection.　　　工ｔ was
demonstrated by Y.Namba　et　ａ１． ７）″８）ｔｈａｔ　heteroepitaxial






carbide, e.g.　ZnO, BeO, GaN, TiC, SiC　and　other materia:Ls　with
ａ　high melting point.　　　　工ｎ　the　case　of　ZnO　films　prepared by
ａ　reactive　Ionized　Cluster　Beam (R一ｴCB) technique　to　be　de-

























































Crucible Temperature = 2300 K (for example)
　　　　　　　　　　　≪s0.2 eV
　　　200 eV →　2､300､000 K
1　　　101　　102
KINETIC ENERGY ( eV )
１０ ３ １０ ４
















be　created by　ions　from a plasma (10　－　１０‾１　Ｔヽjrr)or　by　accel-
erated　ions　moving　in　ａ　high vacuum region (10　ご１０Ｔ４　Torr)。




molecules, lies　between　ａ　few　eV and　ａ　hundred　eV, although






















１０ １ １０ ２










Fig.2.10, is　the　method by which material　is　sputtered mostly　in
the　neutral　state　from the　metal　cathode　bombarded　by Ar　ions･
into　the　space　between　the　cathode and the　anode, where　the　DC





the　sputtering process　directly　from ａ　target by　applying　ａ　RF
potential　with ａ　typical　frquency of　the　range　of　５０　kHz　and　５０
MHz　between　the　cathode, on which　even　the　insulating　target　is


























rial, and　the　films　of　completely　reacted materials, i.e. oxide
or　nitride　films　can　be　obtained.　　　This　method　is　known　as　re-







ｆ the　ion beam of
inert　gas　such　as　argon　gas　is　extracted　at　ａ　few　tens　kV　from































































10゛3 － 10’1 Torr
ににべ
　Crucible ; T
10N PLATING AND ION BEAM DEPOS!TION
　　　　　　　　　　　　　－
　　　　　　　　　　　{ Ion Beam Deposition）
for example:
Ar Gas Pressure ＝10'2TOrｒ
Applied Voltage °3 kV
Energy of Ionized
Evaporant Material °300 eV
Energy of Neutral




１ １０ １ １０ ２
KINETIC ENERGY （ｅv）
１０ ３ １０ ４
To pump
Fig.2,12　Schematic　diagram of　ion　plating　and　ion　beam














cm and　Ｚｃ　°１０　ｃｍ″which　are　typical conditions　for　the plasma




















position method　in　ａ　high vacuum region （１０‾７　－　10









ported　experimental results　as listed　in Table　2.3　54)-59)
As　shown　in　Fig.2.12, ions　of　the　film material　are　generated　in
the　ion　source　and　extracted　into　ａ　high vacuum region by　suit-
able　acceleration ｖｏ１七age　60)　　　　　工ｎ　the　experiments,the
substrate　was　cleaned by　sputtering　due　to　carbon　and Ar　ions






























Cr゛/glass substrate 230 eV, 2 uA(8.7 uA/mm ) Cr film formation




40 eV for Carbon Diamond-like carbon film foraation
( deposition rate 300又ymln.)




( two beam flux from
　different source ）
Synthesis of III-V compounds
Hn during ZnS evaporation 5 keV Low Impedance d.c. EL
ZnS:Hn cells without coactivator
( simultaneous method of implan-
　tation and deposition ）
O; during film growth of
evaporated Al and S10
1 －10 keV
（3 mA max ）
Investigation of thin S10 and A1

















































( Ion extraction volt-
　a9;02:1 kV )
　15 )iA for Pb
Pb film fonnation　　。
( deposition rate 100 A/hr. ）Si-Cu-Pb multiple layer
film fomation
Pb / carbon and NaCI
　　substrate
Hg / carbon substrate
( Ion extractionvolt-










( Ion extraction volt-
　age 10 kV ）　　25-100 eV
　　　5 -25 (lA
epitaxial growth of A9 (in)/
S1 (in) at room temp･
ln*,kg*/ singlecrystal A1











epitaxial growth of Ge film
on SI (Ill)
or Ge (Ill)
substrate at a substrate
temp. 0f 300°c
O; sputtering 0f Pb atoms 50 eV Oxcideforaation
Cu* In 02゛H,S gas 20 cV － 500 eV for 0 ，
H,S ambients　　　2



















　　　　　The　工onized　Cluster　Beam (工CB) technique, which has　been
developed by　T.Takagi　et　al., are　classified　as (1) standard　and
(2) reactive　types.　　　　Ａ　schematic　diagram of　these　sources　is
shown　in Fig.2.15.　　　　Figure　2.15 (a) shows　the　standard　type




































































deposition, ion　plating, etc. which were　described　previously,
one　of　the　attractive　features　of　the　工CB　technique was　as　fol-
lows：　when　the　cluster　is　broken　at　its　arrival　０ｎ　the　substrate.
each　atom of　the　cluster　has　an　average　energy per　atom of　Ｅ　＝
Ｑｖａ／Ｎｆ　゛゛hereQ　is　the　elec七ric　charge″ｖａ　is the　acceleration
voltage, N　is　the　cluster　size (number　of　atoms　per　cluster).
By　controlling V . it　is　possible　to　provide each　atom with　an
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－energy high enough　for surface diffusion (E ●１ eV) but not　suf-










　　　　　For　the　R-ICB technique, a reactive　gas.　ｅ・９．　oxygen　gas　is





















system with multip:Le　nozzles　to　form ａ　ribbon　beam　for　producing












































































Stronq adhesion. hiqh packing density. good
electric conduction In ａ very thin fllB
Ohmic contact without alloying process
Ohnic contact, strong adhesion
Controllable crystal structure, strong
adhesion, smooth surface. improved
stability on thermal cyclings
？!－91？り|§?:y゛:‘:ｅにpitaxyi:iヽﾆﾘ芒ご?？
(１０ －１０　Torr), shallow and sharp Ｐ'ｎ
junction
Thermal stability
Epitaxy in ａ high vacuum (10 -10 Torr)
ｙ?ごこ1901!It,-lowtemperature In a high vacuum
(10 －10　？■orr)
single crystal foｒ皿nation
AC/DCご10W 1皿l》≪dancetype EL cell ・
Improved monocrystalllne domains
Spatially unifonr･ｌmagnetic domain




single crystal formation. transparent film
High electrical insulating and good thermal
conducting coating, low temperature growth
Low temperature growth. smooth surface.
accurately controllable thickness.
good adhesion


































































































growth of　the　clusters　slows　down　after　the maximum rate　of　the
cluster　formation, and　ceases　finally　in　the　region where　the ’
pressure　decreases　and　collision　frequency becomes　lower (region





































































































The　changes　of　Ｔ／ＴＯ’Ｕ／Ｕ゛, A/A* and Ｍ plotted as　ａ　function　of
the　distance　from the　nozzle　are　shown　in　Fig.3.2, providing
Ｐ　°PQ-exp(-bZ)゜　　　　As　Ｍ　increases through the　adiabatic expan-
sion, the　velocity　of　the　clusters　approaches　to　the　max　°














































pressure expressed by Ｐ。゜exp(B/T + C)
the　constants.
critical　radius ｒが
Here, B and Ｃ are
工ｎ　addition, the　nucleation　rate　Ｊ with　the
is　given　by

























where Ｊ　is　given by Eq.(3.12), and ｕ is　the　local　flow velocity・
These　phenomena　occur　by mutual　interaction　of　vapor　atoms
during　their passage　through　the　nozzle　and　just　after　ejection.


























ness　L, that　is, L/D ・こ１｀．　　　Ａ　simple　nozzle　shape.　ｅ・ｇ．　ａ　cylin-
drical　type　with　ａ　diameter　Ｄ　＝　０．５　－　２．０　mm　is　found　to　be
































































































































































































































'^s　°６２０°Ｃ　）″likewise　epitaxial films of　Si on sapphire, InSb
on　sapphire ， and GaAs　on　GaAs　substrates　were　obtained　ａｔｖａ　°
４ ｋｖ（　Ｔｓ　= 760°Ｃ　）’ｖａｉ　４ ｋｖ（Ｔｓ　°４００°Ｃ　) , and ｖａ °４ kV (
Ｔｓ　= 550°Ｃ　) , respectively°　　　　The　epitaxial　growth　of　ZnO　on






























the　vapor; (ii) the　kinetic energy　of　the　clusters　^kin　does　not





since　^kin　is of　the order of　0.1 eV, we　can　roughly　estimate







































































n ・ 57.1 (Ｔｕｒｎｓ/ｓｅｃ)
i? - 9.5　(cm)

















the　interactions of the　deposited clusters with each other　and
with ａ　substrate　are minimized.　　　　Ａ typical　transmission　elec-
tron microscopy micrograph of　such ａ　deposit　is　shown　in Ｆｉｇ・
3.12.　　　Figure　3.13　Is　the　histogram of　the　cluster　size　dis-
tribution obtained　from the micrograph.　　　　The　average　diameter
of　the　cluster　is　around　５０　Ａ．　　　Fromthis　result　and Eq.(3.15),
the　cluster　size　is　found　to be　about　2000, taking　account　that































































































































the　case　of　the　２　mm nozzle, clusters　were　formed ｍｏｓ七　effee-































Ｐｍａｘ Optimum pressure which gWes











































































from the　Eqs 。(3,5) and (3.7), where　the flow viscosity　is　not
　　　　　　　　　　　　　　　　　　　　　■　　　Ｉ　　ゝ　　　　　　　　　　１　　　　　　　　　●



































































































IV　CHARACTERISTICS OF FILMS PREPARED BY THE ICB TECHNIQUE AND
　　　THEIR APPLICATIONS TO ELECTRON DEVICES
　　　§４．１MECHANISM OF FILM FORMATION WITH THE　ICB TECHNIQUE
　　　　　工ｎ　the　工CB　technique.　the　kinetics　of　film　growth　and　the
film properties　can　be varied by　adjusting　the　acceleration
voltage, the　charged particle　content　and　the　substrate　tempera-














position, the　deposited Au particles　were　observed　to　have mi-
grated　under　the　cleaved NaCl　cover.　　　　Even　when　the　acceler-
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　　　　　　　　　　　　　　　　　　　　　　　　　－The　average distanceχ transversed over　the　substrate　sur-























film　is　affected by　the　acceleration　voltage ， silicon　epitaxial
film growth was　achieved.　　　As　shown　in　Fig.4.2, the　crystal-

































　　　　　For　conventional　deposition by neutral　particles, the mass
















of　the　solid　line　in　Fig. 4.3　with　increasing acceleration volt-










































perature　Ｔ（ｓ　－ｐ）　for　silicon films　Ｐｒｅｐａｒｅｄａｔｖａ°0 kV (no
























































the　composition ratio　of　tin　and oxygen　atoms ゛　　　　when　Ｉｅ　゛Ｏ″





from those　tabulated　in　the　ASTM card　for powdered ゛ＳｎＯ２° The
maximum　appears　at　the (101) plane。which　indicates　that　the
films　grew predominantly　along　the <101> axis.　　　　With　increas-

























shown　in　Fig.4.6, from which　it was　found　that　the　intensity




















different values　of 工ｅ°　　　　　The　transmittance　of　the　film de-




the　film deposited　at　工ｅ　°１５０ mA, a　fundamental absorption　can













































































density　Increases to the　value　corresponding　to　the　bulk mate-








































































　－（ｔくくλ, p<l) , (4.6)













































































































































　　　　　　　Ｎ２　gas for　２０ min at　６００°Ｃ
- １０１　－
? ? ?






levels which did not　appear　before　the　annealing were　observed
after　annealing　at　６００　°Ｃ　as　shown　in　Fig.4.16.　　　　工ｔ　is　clear















p-n　junction were　compared　to make　clear　the　effect of　the
ohmic　contact　formation　by　the　ionized　cluster　beam deposition
compared with　ａ　commercial　base　as　shown　in Fig 。４。１７．　　　　The
contact　electrodes were made　by　the　conventional　vacuum deposi-
tion　on one　cell　and　by　ionized cluster　beam deposition on　the
other.　　　　To　obtain ohmic　contact　electrode　and　good　adhesion





























cells with　the　contact　electrodes　made　by　工CB deposition with
accelerating voltages　in　the　range　Ｏ　－　８　kV.　　　工ｎ　this　ｅχperi-























temperatures　lower　than　８０００Ｃ　in　ａ vaciaum of １０‾７　－　１０‾６　Torr.
Si　films　were　deposited　in　ａ　chamber which was　evacuated　by　an
oil　diffusion pump to　ａ　base　pressure　of　ｌ　ｘ　10~ Torr.
clusters　from ａ　source　mounted　in　the　vacuum chamber were　ioni-
zed　by　electron　bombardment with　an　ionizing　current of　１００　mA,
and were　accelerated　toward　ａ　substrate　at　the　acceleration　volt-
age between　Ｏ　－　８kV. Prior　to　the　deposition, the　Si　subst-

















were　approximately　０．２　Ωｃｍ and of　the　order of 1017 　－３cm　　ｆ　re-
spectively.　　　　High purity　n-type　Si (phosphorus-doped) was
used　as　ａ　source　materials　and was　loaded　into　ａ　pyrolytic










at　６２０°Ｃ；　the　spectra were　obtained　by　channeled <111> and　non-






























































by　vacuum deposition　of　Au-Sb　on　the　n-layer　side　and Au on　the
p-layer　side.　　　The　c-v curves　of　the　diodes　are　shown　in　Ｆｉｇ・
4.23.　　　　　The　curves　for　the　samples　deposited　at　６２０°Ｃ　and　３００°Ｃ






























































































































　　　　　　　　　　　　　　　　　　’ｒｌ-¶〃-the　chamber of /ahv versus ｈりmeasured on　the grown　a-Si　films.
Optical　band　gap （ＶＯｐｔ）　is　the　value　of　ｈり　atwhich /ahv extra-
polates　to　zero.　　　　As　the H- pressure　increases, the V .
becomes　large,　so　that　the　hydrogenation　of　the　a-Si　films　is





















































































































































































GaN　films　and　of　powdered A12O3° The　lattice　misfit between









































































































into　the　chamber　until　the gas pressure　was ５　×　１０‾４　Torr.
The　ａｃｃｅｌｅｒａｔｉｏｎｖｏｌｔａｇｅ（ｖａ）″　the　electron　current　for　ioni-
zation (工ｅ）　and　the　substrate temperature (T ) were ｖａ　゛Ｏ　‾
２　ｋｖ″工ｅ　°Ｏ　‾　３００　mAand　Ｔｓ　°１００　‾　２５０　°Ｃ″respectively.
工ｎ　these　experiments　the　deposition　parameters, in　particular















































































curves･ of －ZnO　films　on　the　electron　current　for　ionization 工ｅ゛
The　decrease　in　the　half width with increasing　工ｅ　indicates
an　Improvement　in　the　crystalline　quality of　the　film.　　　　工ｎ
addition, a preferential　orientation　can　be　also　enhanced with
increasing　工, as　previously　shown　in　Fig. 2.7‘
　　　　　Figure　4.42　shows　the　RHEED patterns　of　Li-doped　ZnO　films









　　　　　　　　　　　　　　　－grown　on　the (1102) sapphire　substrate were found　to　be　prefer-
















































　　　　　　　　　deposited　on (a) the (1102)
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dB/cm with　ａ　film　thickness　of　ｌ μｍ could　be　expected, when　the
films　were　prepared　at ｖａ°Ｏ　or　above　ｌ　ｋｖ°
　　　　　The　surface　conductivity　of　ZnO　films　deposited　by　the
Ｒ一ｴCB　technique can　be　controlled　over　the　wide range (10~　－
１０
－７

























02 GAS PRESSURE: 3×10"' Torr
ELECTRON ENERGY


























































　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　○Lattice　constants　of　this　material　are ａ ｚ 2.695 Ａ and　c==
4.390 A (C/a　＝･　1 .65), and the ｍｅ１七ing point　is　2,540　°Ｃ．
This　material　is　an　excellent　insulator with　resistivity　of
































In　addition, the material　has　ａ high　thermal　conductivity　of
the　same　order　of　that　of　Al, because　of　great　contribution　of
lattice　vibrations.　　　　other　interesting properties　are　the







工ｅ°３００　ｍＡ″acceleration voltage ｖａ°Ｏ　kV (with only　ejection
velocities　of　Be-clusters)″substrate　temperature　ＴＳ°４００　°Ｃ
and oxygen pressure of　４　χ　１０‾４　Torr。
　　　　　Figure 4.48　shows　an　x-ray　diffraction pattern of　ａ　BeO







(101), (002) and (100) planes, whereas　the　film　shows　ａ peak
from only　the (002) plane　indicating　the　c-axis　preferential
orientation　is　clearly　enhanced.　　　　Figure　4.49　shows　ａ　cross
section　of　七he　BeO　film taken with　ａ　scanning　ｅ:Lectron micro-
scope (SEM), from which　the　column　structure　can　be　recognized.
Figure 4.50　shows　the　RHEED　pattern of　the　epitaxial　film grown
on the （0001）ｐｌａｎｅ　of　ａ　sapphire　substrate　under　the same
conditions　as　defined　above.　　　　Because　of　close　agreement











































where　e (<≫)is　the　optical　dielectric　constant, g(0) is　the
static　dielectric　constant.ω;　is　the　circular　infrared　disper-









estimated　to　be　ｌ 。３９　×1014　sec ,　while　the　frequency of
longitudinal mode, u , was　roughly　estimated　to　be　1 .79　× 1014
sec
－１






























which was　calculated　from 七he　relationship ｃ（り　＝　ｅ（O）・（ω:;/ω4）そ
This　value　is　in　close　agreement with　that of　ａ　single　crystal









where　Ｍ　is　the　reduced mass　of　two constituent elements (m,M),
Ｍ･トｍ゛M,　Φ(d) is ａ dynamical　constant　related with　the

























Applying ｍ　＝　9,012, M =　16.0 (　m, M are　the　atomic weights of
beryllium and oxygen　) , and ｄ　＝　1,65 A（　the　Be-0 distance　in　ａ
parallel　distance　to　the　c-axis　) into　Eq.(4.9), the　sound ve-
locity　could　be　estimated　as "s　°13.8　×　10 m/sec.　　　　This
value　is　reasonable　as　compared with　the value″"s　°１２　×　１０３
m/sec　195) which was measured along　the　c-axis　of a flux grown
single　crystal。
　　　　　An　elastic　constant　in　ａ　direction paralle:Ｌ　to　the　c-axis.
Ｃ公一５７． ９ × 1010 N/m^, could be　also　obtained　from the　value
of　"s　and its　known density of　BeO, i.e. p = 3.04　× １０３　ｋ


































where　Ａｐｈ　isthe mean　free　path of　the　polar　phonon. Sh　is　the
phonon　specific　heat　per　unit　volume.　　　　In　Eq.(4.10) the　mean
free　path ＡＰｈｃａｎ be expressed　in　terras　of　the　net density　of
lattice　thermal　phonons　and　the　capture　cross　section, so　that
























The　results　are　tabulated　in　Table　４ 。1, compared with those
of　A1_O^ (sapphire) and　SiO- (quartz).
－　１４６　－
The　high　lattice
Table　４．１Values　of　Ｋ h ｓ of typical polar oxides (BeD″A1203

























constant　C3° , which are closely related with the dispersion
frequency　ωｑ°
　　　　　Anattempt to　grow ａ BeO film on ａ　Si-(111) wafer was made・
Figure　4.53　shows　an　SEM photograph of　the　fractured　edge　of　an





wafer.　therefore.　depends　on　べχ１　６ｆ　BeO film, which was　esti-














































































paratus　with deceleration　field, high energetic　ions　extracted
into　ａ　high vacuum region　are　utilized　for　film　formation　after
deceleration　to　several　tens　to　several　hundred　eV.　　　工ｎ　the
工onized cluster　Beam technique.　clusters　which　consist of　about
５００　－　2000　individual　loosely　coupled atoms　are　used.　　　　These
clusters　are　partially　ionized (practically, ionized clusters
･comprise　１０　－　５０　Ｚ　of　the　total　and　each　ionized　cluster　has
only one　charge), and　are　accelerated　to　the　substrate　by　the
applied voltage　of　up　to　ａ　few kV.　　　However, it　should be






















and　their kinetic energies　have　been　studied.　　　　The kinetic
energy　of　accelerated particles　is　converted　to　sputtering　ener-
gy/　thermal　energy.　implantation　energy　and migration　energy・
工ｎ　particular.　the　migration　energy　is enhanced with　increasing ・
the　acceleration voltage.　　　　Also, the　presence　of　ionized　par-
























Torr.　　　　The　results　obtained　from measurements　by medium energy



































termined by the　electron　current　for　ionization 工; (2) thin
films　deposited onto　glass　substrates　are　preferentially ori-
ented　with　the　c-axis　normal　to　the　substrate　ａｔｖａ　°Ｏ　‾　５００ Ｖ




undoped　films ， e.g.　１０ｗ　surface　conductivity　of １０‾７　－　１０‾１１













Ａ　strong reststrahlen reflection peak was　observed　in　the　vicin-
ity　of　13.5　１１ｍ wavelength, and　from this　the　frequencies　of　the
transverse　and　longitudinal　vibration modes　were　determined.：
Anisotropic　lattice　thermal　conductivities　parallel　and　perpen-
dicular　to　the　c-axis of　the　films　were measured, and　the　values
ｏｆべχｌ
ｌ


























interesting phenomenon which will　provide　stimulation　to　scien-
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